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Abstract 
Starting from ancient glassworks and applications of sand and quartz samples to silica in commodities we 
enter into the industrial utilization of ultra-pure quartz. Raw materials for the production of high–, ultra- and 
hyper–qualities of quartz and their utilization by Greek companies and internationally are presented.  
Explained are innovative methods for removing fluid inclusions from quartz crystals and efficient separation 
from feldspars to derive ultrapure quartz for large scale industrial processing. Exploitable resources from 
quartz-mine waste were further discussed in connection to green innovation developments to production of 
photovoltaic panels. The products of ultra-pure quartz used in contemporary high-tech applications such as 
electronic industry, optical fibers, silicon cells for photovoltaic systems and cooperation of Greek and 
European companies for the final step of assessment and suitability testing of laboratory samples was 
acknowledged. 
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1. Introduction 
1.1. Quartz in everyday use- glassworks 
The first form of glass was produced when sand, like e.g. the one the well-known to us all found on every 
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beach, was overheated and melted. To manufacture glass articles, either containers or tableware, an admixture 
with the following specific proportions, sand (59 %), soda (19%), marble powder (13 %), dolomite (5%) and 
nepheline syenite (4%) is first built. When mixed and heated at 1600 °C, these materials form a mass which 
melts and turns into a “soft”, almost liquid material easy to form by blowing or mold. Notably today, mixing 
of new materials enabled improving of important parameters in the production of glass, such as melting point, 















Fig. 1. Glass candlesticks, Museum Averof Tositsa Metsovo. In the museum there are identical quartz objects from the 
5th, 6th and 10th AD century 
 
To establish the possibility of using the indicated quartz raw material in the production of multicomponent 
technical glasses, a glass with composition identical to that of electro- vacuum glass was made by Argynbaev 
et al., 2010. The glass had the following composition: enriched quartz grains 68%, B2O3  2.8%, Al2O3 4.0%, 
CaO 7%, Na2O 10.0%, and K2O 7.7%. 
Many common products contain at least 0.1 % or more crystalline silica. Considering the use at home we are 
consumers of the following items, Lujan et al, 1992. Cleansers contain pumice and feldspar as abrasives. 
Jewelry and crystals amethyst and quartz are crystalline silica. Cosmetics contain talc and clay. Talcum 
powder contains talc. Pharmaceuticals contain clays and talc as filler. Often the dosage of active ingredient in 
a medication is so minute that filler, listed as an inert ingredient, must be added to make the substance 
manageable to take. Art clays and glazes contain clay, and sometimes crystalline silica.  
Sand is crystalline silica as well as beach sand, play sand for sandboxes, and the sand used on golf courses are 
no different than industrial sand used for construction, in sandblasting, or on icy roads. Bricks have a high 
concentration of sand that contains quartz and possibly cristobalite. Municipal water filter beds are 
constructed from both sand, i.e. crystalline silica, and diatomite, i.e. amorphous silica. Asphalt filler is usually 
composed of quartz and stone aggregate. Concrete like asphalt filler, contains stone aggregate.  
Some important uses of sand are grading, water filtration and in oil industry. The overall or average grain size 
of the casting sand affects the quality of the finish.  Water treatment is an important but relatively low volume 
consumer of silica sand. Entec [1] estimated that in 2003 the market for filter media in the UK was some 
40,000-60,000 tons for rapid gravity and pressure filtration systems which comprised ca 80% of installations. 
Slurry of suitably sized sand grains is pumped at very high pressures down oil wells to fracture oil bearing 
strata to improve the flow of oil. Washed and graded high silica quartz sand with a grain size of between 0.84 
and 0.42 mm and rounded and spherical grain shapes is used, GWP Consultants LLP, 2010.  
At work, in the process of manufacturing or using the following items, quartz is an important component 
Lujan et al, 1992. Jeweler's rouge contains cryptocrystalline silica. Mortar contains sand. Plaster is made from 
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gypsum but sometimes contains silica. Plastic in appliances can contain clay, talc, crushed limestone, and 
silica as fillers. Blue - brown sand stone coated roofing granules for architectural shingles are made from sand 
and aggregate. Wallboard is made from gypsum a form of Silica in the Deposit. Commodities and end-
products along with the form of silica as they appear in deposits of major commercial applications are 
summarized in Table 1. 
 
Table 1. Silica in commodities and end-product applications (Lujan and Ary 1992) 
 
Commodity   Form of Silica in the Deposit  Major Commercial Applications 
Antimony    Quartz     Flame retardants, batteries, ceramics, glass, alloys 
Bauxite    Quartz     Aluminum production, refractories, abrasives 
Beryllium    Quartz     Electronic applications 
Cadmium    Quartz, jasper, opal, agate, chalcedony Batteries, coatings and platings, pigments,   
plastics, alloys 
Clay    Quartz, cristobalite    Paper, ceramics, paint, refractories 
Copper    Quartz     Electrical conduction, plumbing, machinery 
Crushed  stone   Quartz     Construction 
Diatomite    Quartz, amorphous silica   Filtration aids 
Dimension stone   Quartz     Building facings 
Feldspar    Quartz     Glass, ceramics, filler material 
Fluorspar    Quartz     Acids, steel making flux, glass, enamel, weld rod  
        coatings 
Garnet    Quartz     Abrasives, filtration, gem stone 
Germanium   Quartz, jasper, opal, agate, chalcedony Infrared optics, fiber optics, semiconductors  
Gold    Quartz, chert    Jewelry, dental, industrial, monetary 
Gypsum    Quartz     Gypsum board (prefabricated building product),  
        industrial and building plaster 
Industrial sand   Quartz     Glass, foundry sand 
Iron ore    Chert, quartz    Iron and steel industry 
Iron oxide pigment (natural) Chert, quartz, amorphous silica  Construction materials, paint, coatings 
Lithium    Quartz     Ceramics, glass, aluminum production 
Magnesite    Quartz     Refractories 
Mercury    Quartz     Chlorine and caustic soda manufacture, batteries 
Mica    Quartz     Joint cement, paint, roofing 
Perlite    Amorphous silica, quartz   Building construction products 
Phosphate rock   Quartz, chert    Fertilizers 
Pumice    Volcanic glass, quartz   Concrete aggregate, building block 
Pyrophyllite   Quartz     Ceramics, refractories 
Sand and gravel   Quartz     Construction 
Selenium    Quartz     Photocopiers, glass manufacturing, pigments 
Silicon    Quartz     Silicon and ferrosilicon for ferrous foundry and 
 steel industry; computers; photoelectric cells 
Silver    Quartz, chert    Photographic material, electrical and electronic products 
Talc    Quartz     Ceramics, paint, plastics, paper 
Tellerium    Quartz     Steel and copper alloys, rubber compounding, electronics 
Thallium    Quartz, jasper, opal, agate, chalcedony Electronics, superconductors, glass alloys  
Titanium    Quartz     Pigments for paint, paper, plastics, metal for aircraft,  
        chemical processing equipment 
Tungsten    Quartz     Cemented carbides for metal machining and wear-resistant  
 components 
Vanadium    Quartz, amorphous silica   Alloying element in iron, steel, and titanium  
Zinc    Quartz, jasper, opal, agate, chalcedony Galvanizing, zinc-based alloys, chemicals, agriculture  
Zircon    Quartz     Ceramics, refractories, zirconia production 
 
 
1.1. Industrial utilization of ultra-pure quartz 
Ultra-pure quartz utilization in the high-tech industry is manifold. Main applications include the 
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semiconductor industry, microchips and industrial integrated circuits, high temperature lamp tubing, 
telecommunication and optics, microelectronics, and solar silicon industries, Hus et al., 2012. In particular 
ultra-pure quartz is used in the industry of optical fibers and construction of silicon cells for use in 
photovoltaic systems. The production chain with quartz as raw material can come ultimately down to the 
production of Si metal, a product with price 255.00 € / ton, silicon tetrachloride sold for 630.00 € / ton and 
finally ultrapure quartz for the electronics industry sold for 80,000 € / ton. 
To produce one kilogram of Si suitable for solar cell manufacturing, requires 30 kg of pure quartz. For the 
production of ultra-pure quartz is required the removal of existing fluid inclusions in the sample at hand, after 
appreciable mechanical commination (reduction of the average particle size by crushing, grinding, etc), 
physicochemical processing and thermal treatment of the raw material. The separation of feldspars from 
quartz by flotation applying the conventional HF-method is no longer acceptable from an environmental and 
health point of view. Moreover, new ceramic composite materials require high quality components for their 
industrial scale production. Therefore, research for a new reagent scheme for selective and efficient separation 
is under serious consideration, see section “Laboratory and large scale, industrial processing”.  
 
1.5.  Economic development of deprived areas 
The products of ultra-pure quartz are in use in important contemporary technological industrial applications. It 
should be conducted market research, which will examine all possible uses of finished products, the 

















Fig. 2.  Schematic quartz structure showing the configuration of different trace elements in the quartz lattice. Also it is  
proposed that substitution of Si4+ by four H+ is possible (silanol groups). Because of the two-dimensional illustration the 
fourth H+ is not shown on the figure (Müller, 2012). 
 
The identification and positive assessment of some quartz deposits in the national Greek territory may lead to 
the development and operation of new quartz mines/ quarries. The location of these areas is usually found in 
mountainous areas of the Greek Region, in areas remote from urban centers, where development of any 
quarrying or mining activity significantly improves the economic problems of society and helps the wider 
development of the area. Except for the mining activity it is recommended to construct also the necessary 
treatment and enrichment facilities of the corresponding quartz deposit.  
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2. High–, ultra- and hyper–qualities of quartz 
The trace-element contents of quartz, see Fig. 2, are its most important quality criteria. Quartz is designated 
high purity when it contains not only less than 50 μg g−1 of impurities, which mainly comprise structurally 
bound trace elements (B, Li, Al, Ge, Ti, Fe, Mn, Ca, K, Na and P) in the quartz lattice, but also micro-
inclusions of minerals and trapped fluids. The usual types of fluid inclusions are:  a) Water containing, 
biphasic inclusions liquid-gas rich liquid phase, negative crystal shape. b) Coexistence rich inclusions in 
liquid and gas phase. c) Fluid inclusions that define growth zones in peculiar quartz. d)  Decadent - broken 
inclusions in milk colored solid quartz, (Kilias et al.  2004) Ultra-pure is rare in nature and larger deposits 
even more so. The few ultra-pure deposits found around the world include certain types of quartz-rich granitic 
pegmatite and hydrothermal quartz veins (Müller et al. 2007). 
A comprehensive study concerning the assessment methodology of the ultra-pure quartz quality is published 
in a special chapter by Haus et al., 2012. They highlight the exploration requirements and the quality 
evaluation of raw quartz in high purity quartz deposits. In addition, they provide basic insight into the 
different specifications of the high-tech end-user industries that relay on very high purity refined quartz 
products, and determine the market developments. 
The commercial definitions of quartz qualities by Harben, 2002, including high-, ultra- and hyper-qualities, 
are widely used commercial qualities of synthetic and natural quartz, Fig. 3. This classification is based on 
qualities of processed quartz products available in the market. For the classification of high- and ultra-high 
qualities Harben utilized as a model the trace-element concentrations of the IOTA quartz2 products from 
Unimin.  
According to Harben, high purity quartz concentrates are designated to contain less than 50 μg g-1 of 
contaminating trace elements. High-purity quartz is defined containing 8–50 μg g-1 impurities, grey shaded 
field in Fig. 3. The lower limit of 8 μg g-1 is represented by the quartz product IOTA 8 which is the purest 
quartz product on the market produced from natural quartz. Unimin Corporation is the world's leading high 
purity quartz producer. They are fully integrated to ensure complete control over the quality and integrity of 
IOTA products from the mine to the customer from two unique ore bodies that  produce a complete portfolio 
of quartz grades and custom products. 
2.1. Greek raw materials and pure quartz companies  
An indicative value of quartz stock of Greece is 5 million tons and considering a price of 20 Euro / ton we 
have a total value of EUR 10 million, Tsirampidis, 2013. 
Abundant quartz sands of terrestrial or fluvial origin for construction use exist in many areas of Greece. Sand 
mines with or without work permits in the bank areas of almost all rivers. Quartz sand of 1.2 million tons has 
been identified in Skalochori Kozani, which after processing yielded 94-96% SiO2 and 0.04-0.08% Fe. Also, 
small deposits of quartz sand identified in Kastoria and Argos Orestikon quartz pebbles 400,000 tons in 
Ahlada Florina. 
The high purity quartz that comes from Greek raw materials can feed the rapidly growing industry of fiber 
optics production and involves large companies with international reach, such as the Marac, the Greek Cables, 
the Nexan and other companies. 
The same is true for  the highly regarded Greek industry manufacturing and marketing  electronic circuits, 
networks and devices like Semicon, the Adem Electronics, the Top Vision, the Matel, Circam, the GSG 
Electronics, the Amarad and other smaller companies.  
Amorphous silica in the form of opal-A and / or opal-CT located in Milos island, forming significant 
deposition with content > 92% SiO2 which is nearly all amorphous, with high activity and high surface area, 
25-30 m2 / g for grain sizes < 65 microns. It is a product of hydrothermal alteration of acidic volcanic rocks. 
The quartz deposits that are currently exploited in the Greek territory are currently in Examili Langada and 
Megali Panagia in Chalkidiki while the necessary procedures have already been initiated for the exploitation 
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of new valuable deposits in the prefectures of Kilkis, Kozani and Imathia. The annual production of quartz in 
Greece in recent years is about 15,000 tons. The annual requirement of quartz for the thirteen Greek ceramic 
and glass industries is approximately 80,000 tons. Only one company, ELVIOR Macedonia produces quartz 
(A + B quality). The processing unit is located at Assiros Langada. 
Out of the total production, a percentage of about 50% is exported mainly for the manufacture of tiles. The 
remaining production is consumed by domestic ceramic industries or glass factories for the production of 
sanitary ware and porcelain, and glass products, e.g. Vitruvit, Ionia Porcelain, Yioula Glassworks etc,  with 
about 1,500 tons / year each)  Geology dpt AUT, 2011. 
The decline in sales in the Greek market is large, given the economic crisis and the huge downturn of 
economic activity where the products mainly were targeted. In fact during February 2014, ELVIOR S.A., the 
greatest Greek company of quartz deposit exploitation, is rumored that will be led to suspension of operation. 
In 2011 produced and marketed a total of 8,210 tons quartz products all for internal consumption [3]. 
The problem of efficient utilization of mined raw materials is of paramount importance for many mining 
enterprises such as ELVIOR in Greece.  
ELVIOR S.A. is the only Greek company that mines, processes and sells successfully quartz deposits. The 
largest percentage of the produced quartz extracted for use in the production of various construction products 
and sold for about $ 35 a ton. All the needs of glass and ceramics industries, approximately 80,000 annually, 
are covered entirely by import!  
Given its strategic relevance to the semiconductor and photovoltaic industries many more high purity quartz 
deposits should be sought. However, the exploitation of new suitable quartz deposits is hampered by quality 
specification that applies for the high-tech industry. Therefore, and also because of the drastic reduction of 
stocks of primary quartz in the region of Central Macedonia, ELVIOR implemented an extensive laboratory 
enrichment research in order to examine the possibility of industrial scale purification of waste quartz from 
earlier holdings. In the framework of this effort, apart from the construction of a new enrichment plant with a 
capacity of 7 tons per hour for the utilization of waste, interesting results emerged for the possibility of 
producing pure quartz from Greek raw materials. 
A collaboration between the Universite Libre De Bruxelles (Brite - Euram Project BE-8226) and Luleå 
University of Technology (BRPR-CT98-0619) highlighted two very positive perspectives concerning the 
process of producing ultra-pure quartz: 
 
Fig. 3. Classification of chemical quartz qualities (hyper to low) and their approximate price range according to Harben, 
2002, taken after permission from Müller et al. 2012. 
a) The removal capacity of fluid inclusions from quartz structure through geostatistical techniques in 
combination with specific enrichment methods, Arvanitidis et al. 1999. 
b) The possibility of producing quartz with a very small percentage of impurities by a two-stage flotation 
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procedure and with utilization of certain new reagents Grossou, et al. 2001. 
3. Renewable Energy Sources 
 
Driven by the rapid development and increasing utilization of Renewable Energy Sources in the last decade in 
Greece, the company Ad.Mo.Tec S.A. belonging to purely Greek interests, decided to implement a major 
investment plan in the field of Renewable energy creating a new production line P/V (PhotoVoltaic)  frames. 
The production launch of the new line began March 1, 2011 with an annual capacity of 30 MW. 
The ELICA GROUP member of the COPELOUZOS consortium has included the Photovoltaic  Systems in 
the portfolio of enterprise activities concerning Renewable Energy Sources (RES). This fact, combined with 
the property of two modern industrial units for production of photovoltaic modules, strengthens its leading 
role in the COPELOUZOS consortium in the photovoltaic sector in Greece and in the wider Mediterranean 
region. 
In the coming years, the total capacity of the industries of photovoltaic systems in Greece, will amount to 2.6 
u 106 m2 of solar cells, and assuming an average thickness of 300 microns, they will require 1860 tons of high 
purity Si.  
To produce one kilogram of Si suitable for solar cell manufacturing, requires 30 pounds of pure quartz. 
Therefore the annual requirements of industries producing photovoltaic systems in Greece for high purity 
quartz will amount to 55,800 tons. 
 
3.1.  Exploitable resources from quartz-mine waste materials  
Northern Greece hosts a number of strategic industrial minerals which make an increasingly important part of 
the mining industry and commerce in Greece. Significant quantities of quartz-vein resources of varying 
quality are hosted by gneisses and schists mainly in Pre-Alpine metamorphic formations.  
Arvanitidis et al., 1999, describe a methodology for converting of quartz-mine waste materials to exploitable 
ultrapure, raw material to the high-tech industry. This work was developed in the frame of a European Union 
funded project, concerning mineral processing studies focused on exploitation of quartz tailings/ by-products 
turning them into exploitable resources and commercial products. An industrial scale flow sheet, including 
crushing, classification, grinding, attritor treatment, drying and magnetic separation was developed, to install 
a new processing plant, already in successful operation. The local mining company ELVIOR S.A. started 
during the year 2000 developing a processing flow sheet for fluid inclusion removal, to produce ultrapure 
grades. Quartz tailings exploitation, whitening and removal of iron content and mineral impurities, such as 
micas, chlorite, feldspars, iron oxides, sulfides, were applied. The methodology was applied to a stockpiling 
of about 200,000 tons waste material disposed during the earlier years’ quartz production as mine and 
processing tailings/ by- products. The recovery of marketable quartz from mine and processing tailings/ by-
products, resolves an existing environmental problem. Furthermore by developing an almost zero-waste 
production line it guarantees mine-life extension to another 15 years, in an area where quartz  reserves are 
reported almost exhausted. The quality grades achieved to date, put already quartz in certain segments of the 
European and international market.  
3.2.  Photovoltaic parks and green Innovation  
Green innovation is a term used to describe a range of ideas and technological developments environmentally 
friendly, towards the growth and viability.  
Green innovation can be defined as involvement “new products and processes that provide added value, but 
also significantly reduce environmental impacts.” 
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Solar cells, also called photovoltaic cells or photocells, are electrical devices that convert the energy of light 
directly into electricity by the photovoltaic effect.  
A solar cell  is a form of photoelectric cell, meaning that that its electrical characteristics- e.g. current, 
voltage, or resistance- vary when light is incident upon it,  which, when exposed to light, can generate and 
support an electric current without being attached to any external voltage source, but do require an external 
load for power consumption. 
Silicon solar cells are wide area silicon. 
The operation of a photovoltaic (PV) cell requires 3 basic attributes: (i) Absorption of light, generating either 
electron-hole pairs or excitons (ii) Separation of charge carriers of opposite types (iii) Separate extraction of 
those carriers to an external circuit. 
4. Industrial Silicon 
Bulk silicon is separated into multiple categories according to crystallinity and crystal size in the resulting 
ingot (bar, stick), ribbon (band, strip), or wafer (disc). By far, the most prevalent bulk material for solar cells 
is crystalline silicon, abbreviated as a group as c-Si, also known as “solar grade silicon”.  It is the basic 
structure of a silicon based solar cell and its working mechanism [4].  
Crystalline silicon has on average 15 % efficiency. 
Monocrystalline silicon (c-Si) is often made using the Czochralski process [5]. Norway is one of the most 
important producers of silicon in the world. To ensure the availability of raw materials for future production 
of quartz, the Geological Survey of Norway (NGU) has investigated quartz resources in Norway in recent 
decades, Müller et al., 2007. During these investigations, they discovered that the kyanite quartzite from 
Nasafjellet (Nordland, Norway) contains quartz grains with very low contents of lattice-bound trace elements. 
Poly- or multi-crystalline silicon (poly-Si or mc-Si) cells are less expensive to produce than single crystal 
silicon cells, but are less efficient. US Department of Energy (DOE) data show that there were a higher 
number of multicrystalline sales than monocrystalline silicon sales.  
Ribbon silicon is a type of monocrystalline silicon. Its cells have lower efficiencies than poly-Si, but save on 
production costs due to a great reduction in silicon waste, as this approach does not require sawing from 
ingots. Mono-like-multi or cast-mono silicon was developed in the 2000s and introduced commercially 
around 2009. Analysts have predicted that prices of polycrystalline silicon will drop as companies build 
additional polysilicon capacity quicker than the industry's projected demand. On the other hand, the cost of 
producing upgraded metallurgical-grade silicon, also known as UMG Si, can potentially be one-sixth that of 
making polysilicon. Manufacturers of wafer-based cells have responded to high silicon prices in 2004–2008 
prices with rapid reductions in silicon consumption.   
Current cells use between eight and nine grams of silicon per watt of power generation, with wafer 
thicknesses in the neighborhood of 0.180 - 0.200 mm, testing processes for 0.16 mm wafers cut with 0.1 mm 
wire. IMEC's road map, presented at the organization's recent annual research review meeting, envisions use 
of 0.08 mm wafers by 2015. 
4.1. Thin film technologies 
The HelioSphera 6  company produces high-performance photovoltaic modules thin film applying 
microcrystalline silicon technology (micromorph).   
The photovoltaic thin film modules of HelioSphera are distinguished in the market for their effectiveness in 
many applications, the top life and maximum energy efficiency. 
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Using less silicon, the efficient thin films save resources and are also less vulnerable to shortages of raw 
materials in the market. The efficient Thin Films of the company HelioSphera deliver useful power similar to 
that of crystalline silicon panels.  
Also, given the unique properties that provide their design, such as: (i) higher output under weak light 
conditions (ii) lower sensitivity to deviations from the correct azimuthal angle / angle of inclination, and  (iii) 
the lowest temperature coefficient,  the panels are suitable for use in places / areas where traditionally, use of 
photovoltaic panels would not be feasible. 
These advantages provide enhanced performance in partially shaded surfaces resulting in achievement of 
higher output using the lower-cost method for production of thin films. 
In the crystalline solar cells, the energy of light is absorbed in a thin surface layer (about 10 microns ), 
although they use material with a total thickness of about 180 microns. The Micromorph Technology 
HelioSphera requires only 3 microns to absorb the same amount of light energy without additional silicon of 
the above alternative method. Therefore, instead of the costly procedure of cutting crystalline silicon plates of 
relatively big thickness,  the microcrystalline (micromorph) silicon is deposited directly onto the glass surface.  
Alternative solar cells for the photovoltaic panels: For the sake of the market research, it is important to 
consider also the antagonistic materials of the quartz/ silicon for the industry of the photovoltaic panels. Here 
is a short list of the most known: (i) Cadmium telluride solar cell (ii) Copper-Indium Selenide (iii) Gallium 
arsenide (GaAs) multijunction (iv) Light-absorbing dyes (DSSC) (v) Organic/ polymer solar cells. 
 
4.2. Photovoltaic companies 
The decline in sales in Greek market is large, given the economic crisis and the huge downturn of economic 
activity where the products mainly targeted. This does not apply to all relevant business sectors. In 2011 was 
produced and marketed a total of 8,210 tons quartz products all for internal national consumption [4]. 
Especially the Photovoltaic (PV) System manufacturing sector industries has been a great development in 
Greece in recent years with the activation of the following companies and their respective capacity : 
- Solar Cells Hellas – Tablets, P / V components, frameworks, 60 MWp 
- Silcio/ Piritium - Tablets, P / V components, frameworks, 40 MWp 
- Energy Solutions - S.A. P / B frames, only cells Si, 10 MWp 
- Exel Mak Metal S.A.- P / B frames, 60-70 MWp   
- Heliosphera - Photodiodes, P / B frames thin films, 60 MWp 
- Heliodomi S.A. P / B frames amorphous silicon, 15 MWp 
- Elitherm - P / B frames, 5+2 MWp 
It should however be taken  into account the effect of the recent tariff adjustment of the kWh  price of the 
produced Electric Power  sold back to the Greek Public Electricity Company (currently introduced in the 
stock market and partially sold to private stock holders ) which significantly reduced the profit of individuals 
who invested in photovoltaic parks. It will thus result in reduced demand for pure quartz as a basic source for 
manufacturing silicon for the construction of photovoltaic panels in Greece parks, at least. Therefore one 
should consider whether it is possible to expand the trade of ultra-pure quartz to foreign industries and 
national industries that sell their products in international trade.  Therefore contacts should be sought with 
foreign companies abroad, e.g. in Italy, Germany and also other countries in Europe, such as our neighbors in 
the Balkan. 
5. Conclusions 
Economic development of deprived areas is important for a country  in economical crisis as Greece. The 
discovery of nationally existing natural sources and exploitation of  industrial minerals such as quartz is an 
important economical issue. Production of exploitable resources from quartz-mine waste materials after 
laboratory test and expansion to large scale of industrial development is equally important. Industrial 
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recycling to exploitable materials can lead green innovation, e.g. photovoltaic parks, necessary from a global 
point of view. Raw materials are utilized by Greek companies to production of  high–, ultra- and hyper–
qualities of quartz turned to high-tech products such as optical fibers, electronics and production of silicon 
cells for photovoltaic systems, synthesis of catalysts, zeolites, and adsorbents. Development of new 
purification techniques in accord to specifications of the final products is equally important as new 
technologies such as thin film technology as well as alternative solar cells for the photovoltaic panels.  
Cooperation for suitability testing of the purified product by active Greek companies such as Ideal Standard, 
Filkeram Jonson, Intrakom, Mevior and European counterparts such as Philips, TSL, Thomson, Saint Gobain, 
Norwegian Crystallites, is important for the final step of assessment.  
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